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Claim 

Product with photochromic properties, characterized by 
laminating A and B shown below in that order on a substrate from 
mainly a resin having an aromatic group in the main chain and/or 
pendent chain, having a refractive index above 1.55: 
A: a coating consisting of mainly an organic polymer formed by 
reacting an acrylic polyol and polyfunctional isocyanate (with 
the acrylic polyol having an OH value above 10, but below 200, 
with the NCO/OH ratio being above 0.6) 

B: a coating consisting of mainly an organic polymer having 
photochromic properties . 

Detailed explanation of the invention 

Industrial application field 

The present invention concerns durable products having 
photochromic properties, especially suitable for optical lenses. 
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Prior Art 

Conventionally, there have been some proposals for applying 
coatings on highly refractive substrates from 
aromatic-ring-containing resins, e.g., Japanese Kokai Patent 
Application 

No. Sho 59 [1984] -78304, disclosing the application of a 
poly organo s i 1 oxane -based hard coat on a highly refractive 
substrate surface. 

Problems to be solved by the invention 

However, in such conventional technology, adhesion to the 
substrate is not sufficient and the coatings are easily damaged 
by abrasion by a hard material such as steel wool, which is a 
problem in actual applications. Also, currently, not many 
investigations are being carried out on the photochromic 
properties. 

The present invention is to overcome such drawbacks of the 
conventional properties and to provide durable photochromic 
products . 

Means for solving the problem 

For achieving such objectives, the present invention 
concerns : 

A product with photochromic properties, characterized by 
laminating A and B shown below in that order on a substrate made 
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mainly from a resin having an aromatic group in the main chain 
and/or pendent chain, with a refractive index above 1.55: 
A: a coating of mainly an organic polymer formed by reacting an 
acrylic polyol and polyfunctional isocyanate. 

(The acrylic polyol has an OH value above 10, but below 200, with 
the NCO/OH ratio being above 0,6) 

B: a coating of mainly an organic polymer having photochromic 
properties . 

In the present invention, the resins having aromatic rings 
in the main chain or pendent chain can be chosen from resins 
having aromatic rings in the main chain and/or pendent chain and 
providing the substrate with a refractive index above 1.55, e.g., 
styrene derivative polymers exhibited by general formula (I) 
shown below: 

CH« -CH 

(In the formula, R 10 represents a halogen other than fluorine, a 
methyl group, ethyl group, methoxy group, amino group, nitro 
group, phenyl group, or phenoxy group; n is an integer of 0-5; 
when n >r 2, R 10 may be the same or different), a phenoL or 
various substituted phenols or their ethylene oxide or propylene 
oxide adduct (meth) acrylic acid ester polymers, bisphenol or 
substituted bisphenol or their ethylene oxide or propylene oxide 
adduct (meth) acrylic acid ester polymers, polymers of adducts of 
various isocyanates with hydroxy- group -containing (meth) acrylic 
acid esters, biphenyl -group- containing (meth) acrylic acid ester 
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or di (meth) acrylic acid ester polymers, benzyl alcohol or various 
substituted benzyl alcohol (meth) acrylic acid ester polymers, 
divinylbenzene or various substituted divinylbenzene polymers, 
bisphenol A epoxy resins, bisphenol F epoxy resins, etc. Even 
copolymers of the aromatic-ring-containing monomers with monomers 
free of aromatic rings may also be used if they provide a 
substrate refractive index above 1.55. 

In the present invention, the first layer applied on the 
substrate is the coating A based mainly on the organic polymers 
formed from acrylic polyols and polyf unctional isocyanates . In 
the present invention, the effects of the first layer is 
especially pronounced in the case of resins containing halogen 
atoms other than fluorine and undergoing severe weather damage, 
such as chlorine, bromine, and iodine. The acrylic polyols that 
can be used in coating A include copolymers of 

hydroxy -group- containing (meth) acrylates such as hydroxyethyl 
acrylate, hydroxyethyl methacrylate, hydroxypropyl acrylate, 
hydroxypropyl methacrylate, polyethylene glycol monomethacrylate, 
polypropylene glycol monomethacrylate, glycerol monomethacrylate, 
etc., with other unsaturated compounds. Here, the copolymerizable 
unsaturated monomers are various alkyl (meth) acrylates 
represented by the general formula below: 

A 

/ 

C H , - C 

\ 

C O t B 

(Here, A represents hydrogen or a methyl group; B represents a 
hydrocarbon group of 1-12 carbon atoms) . 



6 



Specific examples of such compounds include alkyl 
(meth) acrylates such as methyl acrylate, methyl methacrylate, 

ethyl acrylate, ethyl methacrylate, isobutyl acrylate, isobutyl 

methacrylate, n-butyl acrylate, n-butyl methacrylate, etc. 

Especially for improved durability such as water resistance, 

monomers forming homopolymers with a glass transition temperature 
(Tg) below 3 75 K are preferred. 

Examples also contain unsaturated-group-containing organic 

carboxylic acids such as acrylic acid, methacrylic acid, itaconic 

acid, etc., 2 -hydroxyethylacryloyl phosphate, 

2-hydroxyethylmethacryloyl phosphate, as well as 

aromatic-substituent-containing vinyl compounds such as styrene, 
chlorostyrene, ethylstyrene, etc. 

In such acrylic polyols, the OH group -containing 
(meth) acrylates may be used alone or as mixtures of two or more 
thereof. The OH group -containing monomers may be used alone or 
with two or more comonomers. Especially, using the an acid such 
as acrylic acid or methacrylic acid as a comonomer is effective 
for reacting the isocyanate group with the OH group in the 
acrylic polyols. In the acrylic polyols, the preferred 
copolymerization amount is 0.1-5 parts by weight, preferably 0.2- 
3 parts by weight. 

Known methods may be used for producing such acrylic 
polyols. Usually, they are made using azo compounds such as 
azobisisobutyronitrile, etc., or peroxide compounds such as 
benzoyl peroxide. The polymerization may be carried out by 
solution polymerization with dropwise addition of the monomer and 
initiator into solvents such as toluene, xylene, butyl acetate, 



ethyl acetate, etc. The polymers may be prepared by cast 
polymerization by heating the monomer and initiator solution in 
an ampule or in a cell and used after dissolving in a solvent. 

While not restricted, for the ease of solution, 
coating-material stability, coatability, residual monomer, etc., 
the acrylic polyol should have an average molecular weight of 
2,000-1,000,000, preferably 3, 000-100, 000. 

The acrylic polyols of the present invention should have an 
OH value above 10 but below 200, preferably above 20 but below 
100. With the OH value below 10, crosslinking is not sufficient, 
and there are with problems of poor solvent resistance and 
adhesion. On the other hand, above 200, water resistance and 
weather resistance may become problems. 

The OH value of the acrylic polyols is defined below. 
To 1 g of a specimen, 5 mL of an acetylation agent are 
added; the mixture is then heated at [to] 95-100°C for 1 h, 
shaken well with 1 mL of water, heated for 10 min, cooled, washed 
with 5 mL of ethyl alcohol, and titrated with a 2N potassium 
hydroxide solution in ethyl alcohol using phenolphthalein as the 
indicator. The number of mg needed this time is given as the OH 
value. The acetylation agent is prepared by adding 25 g of acetic 
anhydride in a 100-mL measuring flask and shaking with- pyridine 
to an overall volume of 100 mL. 

The other component included in coating A is a 
polyfunctional organic isocyanate having two or more isocyanate 
groups in one molecule and reacts with the above acrylic polyols, 
forming coating A with excellent adhesion on various substrates . 
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While not restricted, the polyf unctional organic isocyanates 
should be organic compounds having two or more isocyanate groups 
with an NCO% of 2-77%. Here, the NCO% is the NCO content obtained 
by the formula below: 

NCO% = [[42 x (number of NCO groups) ] /molecular weight] x 100 

Here, the number of NCO functional groups means the number 
of NCO groups in one molecule. 

Specific examples of the polyf unctional organic isocyanates 
are given below. 

Diisocyanates such as hexamethylene diisocyanate, isophorone 
diisocyanate, 2, 2 , 4-trimethylhexamethylene diisocyanate, 
dicyclohexylmethane diisocyanate, lysine diisocyanate methyl 
ester, xylylene diisocyanate, bis (isocyanatomethyl) cyclohexane, 
tolylene diisocyanate, 4 , 4 ' -diphenyl me thane diisocyanate, 
hydrogenated xylylene diisocyanate, etc., as well as 
polyf unctional isocyanates of three or more functional groups, 
such as hexamethylene diisocyanate biuret compounds or 
isocyanurate compounds, hexamethylene 

diisocyanate-trimethylolpropane adducts, 2-isocyanatoethyl-2 , 
6-diisocyanatohexanonate, 1,6, 11-undecane triisocyanate, 
isophorone diisocyanate- trimethylolpropane adducts, xylylene 
diisocyanate- trimethylolpropane adduct, and 

bis (isocyanatomethyl) cyclohexane- trimethylolpropane adduct, can 
be mentioned. 

Of the above isocyanate compounds, hexamethylene 
diisocyanate, hexamethylene diisocyanate biuret chemical reaction 
products, hydrogenated xylylene diisocyanate, etc., are 
especially preferable. 
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In the organic polymers formed by the reaction of the 
acrylic polyols and polyfunctional isocyanates of the present 
invention, namely, in the acrylic urethane polymer-based coating 
A, the ratio of the OH group in the acrylic polyol to the NCO 
group in the isocyanate compound (NCO/OH ratio) should be above 
0.6, preferably 0.8-20. Below 0.6, crosslinking is not 
sufficient, along with poor water resistance, chemical 
resistance, perspiration resistance, weather resistance, etc., 
and also chalking upon application of the organic polymer 
compositions containing photochromic compounds. 

On the other hand, a high NCO/OH ratio may not have any 
adverse effects on the performance, but it should be kept below 
20 for hygienic safety. The liquid compositions for coating A 
used in the present invention are normally used dissolved in an 
organic solvent. There are no particular restrictions on the type 
of solvent while, in terms of pot life and ease of curing and 
drying, an aprotic solvent with a boiling point below 180 °C is 
preferable. In terms of coating workability, high-boiling-point 
solvents may also be used. Specific examples of preferred 
solvents are aromatic (halogenated) hydrocarbons such as benzene, 
chlorobenzene, toluene, xylene, etc.; ketones such as acetone, 
methyl ethyl ketone, methyl isobutyl ketone, etc.; esters such as 
ethyl formate, ethyl acetate, butyl acetate, etc.; cyclic ethers 
such as tetrahydrofuran, dioxane, etc.; aliphatic ethers such as 
diethylene glycol, dimethyl ether, ethyl ether, etc.; 
hydrocarbons such as hexane, heptane, petroleum ether, 
cyclohexane, etc.; halogenated hydrocarbons such as chloroform, 
dichloroethane , t richloroethane , trichloroethylene , 
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tetrachloroethane, etc.; acetonitrile, dimethylf ormamide, carbon 
tetrachloride, etc. They may be used alone or as mixtures 
thereof . 

The liquid compositions for coating A may also contain, for 
curing acceleration, curing at low temperatures, etc. , various 
tertiary amine compounds and quaternary ammonium compounds and 
dibutyltin dilaurate as curing catalysts. 

With regard to solids content in the liquid compositions of 
coating A, the coating thickness should be in the range of 
achieving the objectives of the present invention, while it 
should be 0.01-20 fim, in terms of the smoothness, adhesive 
strength retention, water resistance, weather resistance, surface 
hardness, etc., of coating A. 

After being coated on various substrates, the liquid 
compositions of coating A are cured by heating and/or drying. The 
heating and drying conditions can be determined depending on the 
organic polymer compositions containing photochromic compounds, 
to be used with coating A, as well as their coating conditions. 
Preferred conditions include a temperature from room temperature 
to 150°C, with the reaction time being from 1-240 min. 
Considering dust adhesion, it should be 40°-120°C from 5-120 min. 
If coating A is not cured, during the application of organic 
polymer compositions containing photochromic compounds with 
coating A, coating A is eluted with poor adhesion and chalking. 

In the present invention, the second layer applied as 
coating B on coating A mainly consists of organic polymers 
containing photochromic compounds . Such photochromic compounds 
are spirooxazines , spiropyrans, azo compounds, fulgide compounds, 



/ O 



triarylraethane compounds, salicylideneaniline compounds, 
dithizone mercury compounds, etc. 

Among these, in terms of coloration- fading, repeated 
coloration- fading, light resistance, etc., spirooxazine compounds 
are preferred. 

The spirooxazine compounds can be represented by general 
formula (II) below: 




cm 



(In the formula, X represents C-R 7 or nitrogen; R 7 
represents hydrogen, a C ± . Q alkyl group, alkoxy group, or a 
halogen; R 1 represents a alkyl group or a C 7 . 20 substituted or 

unsubstituted aralkyl group; R 2 and R 3 independently represent 
hydrogen, a C x . 5 alkyl group, phenyl group, mono or di- substituted 
phenyl group, or benzyl group; R 2 and R 3 may be bonded to form an 
alicyclic ring containing 6-8 carbon atoms (including a spiro 
carbon atom) , norbornyl group, or adamantyl group; R 4 , R 5 , and R 6 
independently represent a C x _ s alkyl group, alkoxy group, halogen, 
nitro group, cyano group, hydroxy group, C^s haloalkyl .group, 
alkoxycarbonyl group, or amino group; and 1 represents 0-4, 
m is 0-2, and n is 0-3. 

Here, R 4 , R 5 , and R 6 independently are the same or different 
when 1, m, and n are above 2. 

The spirooxazine compounds represented by general formula 
(II) can be chosen from the usual spiro (indoline) oxazine 
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compounds or spiro (indoline) pyridoxazine compounds (Japanese 
Kokai Patent No. Sho 45 [1970] -28892 ; Japanese Kokai Patent 
Applications No. Sho 55 [1980] -36284 , Sho 60 [1985] -53586 , Sho 
60 [1985] -112880, ' and Sho 61 [1986] -233079 , and DEP [German Patent] 
33,456,259) . 

Such photochromic compounds may be used alone or as mixtures 
thereof for broadening the absorption range, color mixing, 
improved durability, etc. 

In terms of light resistance, spirooxazine compounds having 
hydrogen, a Cj__ 6 alkyl group, or alkoxy group are preferred, while 
hydrogen, a methyl group, or methoxy group are more preferred. 

Such photochromic compounds are used as a dispersion in the 
organic polymer matrix. A polymerizable functional group may be 
introduced into the photochromic compound and may be 
copolymerized with a monomer, such as an acrylic monomer. The 
polymerizable functional groups include an acrylic group, allyl 
group, vinyl group, etc., and the polymerizable 

functional -group- containing photochromic compounds are disclosed 
in, e.g., Japanese Kokai Patent Application Nos . Sho 63 [1988] - 
93788, 

Sho 63 [1988] -199279, Sho 63 [1988] -250380 . 

Any organic polymers having good compatibility with the 
photochromic compounds may be used. Specific examples of organic 
polymers that can be used here are acrylic resins, polyurethane 
resins, epoxy resins, melamine resins, poly (vinyl acetate) , 
polycarbonates, polystyrene resins, cellulose compounds such as 
cellulose acetate, cellulose acetate butyrate, cellulose acetate 
propionate, hydroxyethylcellulose, hydroxypropylcellulose, etc. , 
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as well as poly(vinyl alcohol), urea resins, nylon resins, etc. 
These resins may be used alone or as mixtures thereof and may be 
subjected to tridimensional crosslinking by various hardeners, 
crosslihking agents, etc. In particular hydroxy- and 
carboxyl- group -containing acrylic resins crosslinked by melamine 
resins, and amino -group -containing acrylic resins crosslinked by 
epoxy resins are matrices suitable for organic polymers, in terms 
of repeated fading and coloration. 

In the present invention, the polymerizable 
functional -group- introduced photochromic compounds may be 
copolymerized with other monomers by radical polymerization using 
a radical initiator. The monomer used may be: 

I) A carboxy-group- containing monomer, e.g., acrylic acid, 
methacrylic acid, crotonic acid, itaconic acid, maleic acid, 
fumaric acid, etc.: 

II) A hydroxy- group -containing monomer, e.g., 2-hydroxyethyl 
acrylate, hydroxypropyl acrylate, 2-hydroxyethyl methacrylate, 
hydroxypropyl methacrylate, hydroxybutyl acrylate, hydroxybutyl 
methacrylate, allyl alcohol, methallyl alcohol, etc.: 

III) A nitrogen- containing acrylate or methacrylate, e.g., 
dime thylaminoe thy 1 acrylate, dimethyl aminoe thy 1 methacrylate, 
etc. 

IV) A polymerizable amide, e.g., acrylamide, methacrylamide, 

etc . 

V) A polymerizable nitrile, e.g., acrylonitrile, 
methacrylonitrile, etc.: 
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VI) A alkyl acrylates and alkyl methacrylate, e.g., methyl 
acrylate, methyl methacrylate, ethyl acrylate, n-butyl acrylate, 
n-butyl methacrylate, 2-ethylhexyl acrylate, etc.: 

VII) A polymerizable aromatic compound, e.g., styrene, a- 
methylstyrene, vinyltoluene, t -butyl styrene, etc.: 

VIII) A a-Olefin, e.g., ethylene, propylene, etc.: 

IX) A vinyl compound, e.g., vinyl acetate, vinyl propionate, 

etc . 

X) A diene compounds, e.g., butadiene, isoprene, etc. 

XI) An ionic group- containing monomer, e.g., sodium 

s tyrenesul f ona t e , 2 - acryl amido - 2 -me thylpropane sul f oni c acid , 
potassium (3 -sulf opropyl) methacrylate, N- (3-sulf opropyl) -N- 
methacryloyloxyethyl-N, N-dimethylammoniumbetaine, etc . 

The initiators may be organic azo compounds, persulfates, 
perchlorates, water-soluble inorganic initiators in combination 
with reducing agents such as bisulfites, ferrous salts, ascorbic 
acid, etc., and so-called redox initiators. 

Such a radical polymerization is usually carried out by 
solution polymerization in organic solvents including esters such 
as ethyl acetate, butyl acetate, etc., alcohol solvents such as 
ethanol, isopropyl alcohol , etc . ; ketones such as acetone, methyl 
ethyl ketone, etc.; alkylene glycol alkyl ethers such as ethyl 
Cellosolve, etc.; aromatic solvents such as toluene, etc.; 
hydrocarbon solvents such as hexane, cyclohexane, etc. 

In the present invention, the thickness of coating B should 
be above 1 \im, preferably 2 ^im, for the prevention of uneven 
coloration and coloration density fluctuation. For the ease of 
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coating application and coating uniformity, it should be less 
than 100 |xm, preferably less than 50 Jim. 

The content of the photochromic compounds represented by 
general formula (II) in coating B should be determined by the 
desired performance, especially the color density desired, while 
it should be 0,1-20 wt%, preferably 0.5-15 wt% in the case of 
sunglass lenses, corrective lenses, etc. Below 0.1 wt%, the color 
density near room temperature is poor, while above 2 0 wt%, an 
increased amount of solvent for the matrix resin may be required, 
and obtaining a substantial thickness is difficult. 

In the present invention, application of coating Bon 
coating A may be done by dipping, spraying, bar coating, flow 
coating, curtain coating, rotation coating, etc., using solutions 
of the matrix resins and photochromic compounds or copolymerized 
polymer coating compositions, or the matrix resin is coated first 
on the substrate, then the photochromic compound is applied by 
dyeing. Many other methods can be used. 

The solvents used for the coating compositions may be chosen 
from various alcohols, ketones, ethers, esters, aromatic 
(halogenated) hydrocarbons, aliphatic (halogenated) hydrocarbons, 
Cellosolves, various formamides, sulfoxides, etc., which are 
capable of dissolving both the matrix resins and photochromic 
compounds . 

It may be advantageous to apply a thermosetting resin 
coating on coating B for an extended life of the light-control 
performance,, and abrasion resistance enhancement. A gas-barrier 
inorganic oxide coating may be applied for improved 
reproducibility and glare prevention. 
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In the present invention, the interfaces may be subjected to 
a pretreatment for improved adhesion between coating A and the 
substrate and between coatings A and B, etc., with an activated 
gas treatment being effective for improved weather resistance. 

In the activated gas treatment, under ambient or reduced 
pressure, the treatment is conducted by ions, electrons, or 
activated gas . Such an activated gas treatment may be done by 
corona discharge, by direct -current under reduced pressure, 
low-frequency waves, high-frequency waves, microwave -induced 
high-voltage discharge. In particular, the treatment with 
low- temperature plasma obtained by high-frequency discharge in 
vacuum is preferred in terms of reproducibility, productivity, 
etc. While not restricted, the gases that can be used are, e.g., 
oxygen, nitrogen, hydrogen, carbon dioxide, sulfur dioxide, 
helium, neon, argon, Freon, steam, ammonia, carbon monoxide, 
chlorine, nitrogen monoxide, nitrogen dioxide, etc. They may be 
used alone or as mixtures thereof. 

Among these, oxygen is especially preferred, and the oxygen 
present in air can be used. Pure oxygen provides enhanced 
adhesion. The substrate may be heated, depending on the type of 
applications . 

The photochromic products thus obtained have coatings A and 
B, have sufficient photochromic properties, long service life, 
and good weather-resistant adhesion, and thus are suitable for 
corrective lenses, sunglass lenses, etc. 



O 
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Application examples 

Next, application examples are given. However, the present 
invention is not limited to such examples. 

Application Example 1 

(1) Preparation of coating A 

(A) Preparation of liquid composition 

A styrene/butyl acrylate/hydroxyethyl methacrylate/acrylic 
acid ternary copolymer (OH value 50) 50% solution in xylene /butyl 
acetate (50/50 wt ratio) and a hexamethylene diisocyanate biuret 
compound (NCO content: 16.5%) were added at an NCO/OH ratio of 
1.22:1.0 and diluted with methyl isobutyl ketone/ethyl acetate 
(50/50 wt ratio) to obtain a liquid composition with a solids 
content of 10%. 

(B) Coating and drying 

One mole of a hydroxy -group- containing compound obtained by 
the esterif ication of 1 mol of acrylic acid with a 
tetrabromobisphenol A adduct with 2 mol of ethylene oxide was 
treated with 0.9 mol of hexamethylene diisocyanate. 70 parts of 
the resulting polyf unctional acrylate -monomer- containing 
substance and 3 0 parts of styrene were cast-polymerized in the 
presence of isopropyl peroxide used as the polymerization 
initiator, then surf ace- treated with oxygen plasma, immersion 
coated (lifted at a rate of 10 cm/min) with the above liquid 
composition from process A, and dried at 93 °C for 1 h. 
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(2) Preparation of coating B 

(A) Preparation of coating composition 

A methyl methacrylate/butyl methacryl ate /butyl 
acrylate/acrylic acid/hydroxyethyl methacrylate copolymer in a 
50-wt% solution (300 g) in toluene was further diluted with 
dimethyl formamide to a 25-wt% concentration and mixed with 15 g 
of a melamine resin and 10.5 g of 1- (3-methylbenzyl) -3 , 3- 
dimethylspiro [indolino-2, 3 ' - [3H] naphtho [2 , 1-b] (1,4) -oxazine] to 
obtain a coating composition. 

(B) Coating and drying 

The coating composition obtained in A above was coated by 
the immersion method (lift rate of 20 cm/min) on a substrate with 
coating A described in (1) above, and dried at 82 0C for 12 min, 
then at 100°C for 4 h. 

(3) The photochromic products obtained were evaluated for 
performance by the methods given below. 

The results are shown in Table I . 

(A) Appearance 

Visual observation of any obvious defects. 

(B) Adhesion test 

A knife was used to make 100 1-mm- square cuts on the test 
surface, adhered tightly with a Cellophane adhesive tape 
(Cellotape, product of the Nichiban Co.), and rapidly peeled in 
the 90° direction and observed for any delamination. 
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(C) Photochromic performance 

Exposed to the outdoors for 2 weeks facing 45° south, 
followed by a chemical -lamp excited light source for coloration, 
then evaluated visually for coloration and fading rate. 

The evaluation was made by the standards: 
O: No change from nontreated product was recognizable 
A: Some change from nontreated product. 
X: No coloration by light irradiation 

(D) Weather-resistant adhesion test 

Exposed outdoors for 2 weeks facing 45° south and tested 
similarly as in (B) above. 

Comparative Example 1 



Application Example 1 was repeated without coating A. The 
test results are given in Table I. 

Table I 



W 
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Key 1 Example No. 

2 Application Example 

3 Comparative Example 
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4 
5 
6 
7 
8 
9 



Appearance 
Adhesion 

Photochromic property 
Weather-resistant adhesion 
Good 
Not good 



Effects of the invention 

The photochromic products of the present invention have the 
following advantages : 

1. Excellent weather-resistant adhesion 

2. Excellent coloration, fading, and reproducibility of - 
photochromic properties. 
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